Introduction
Recent studies have suggested that the achievement of a superior response to initial treatment is associated with improved outcomes in patients with multiple myeloma (MM). [1] [2] [3] [4] [5] Three-drug combinations with bortezomib and/or thalidomide or lenalidomide appeared to be superior to most 2-drug combinations of the same agents in patients with newly diagnosed MM. The lenalidomide, bortezomib, and dexamethasone (RVD) regimen and the bortezomib, pegylated liposomal doxorubicin (PLD), and dexamethasone (VDD) regimens are among the most active in this setting, producing high rates of very good partial response (VGPR), complete response (CR), and near CR (nCR). 4, 6, 7 Other 3-drug regimens producing high rates of CR and VGPR in patients with newly diagnosed MM include bortezomib, thalidomide, and dexamethasone (VTD) 5, 8, 9 ; cyclophosphamide, thalidomide, and dexamethasone (CTD) 10 ; bortezomib, cyclophosphamide, and dexamethasone (VCD) [11] [12] [13] ; and bortezomib, doxorubicin, and dexamethasone (PAD). 14 Furthermore, the 4-drug regimen of bortezomib, dexamethasone, cyclophosphamide, and lenalidomide (VDCR) has recently been shown to be highly active and generally well tolerated in patients with newly diagnosed MM, although some additional toxicity was noted. 15, 16 We hypothesized that combining the 4 active drugs from the RVD and VDD regimens into one regimen, specifically RVDD (lenalidomide, bortezomib, PLD, and dexamethasone) might further increase CR/nCR and VGPR rates and thus potentially improve outcome. In preclinical studies, the RVDD combination demonstrated a 2-to 4-fold higher activity compared with 2-and 3-drug combinations of the component drugs, 17 with earlier studies demonstrating synergy between these agents. 18 Here we report the results of a prospective, multicenter phase 1/2 study of the RVDD regimen in patients with newly diagnosed MM. The primary objectives of this study were to determine the maximum tolerated dose (MTD) and to evaluate the VGPR rate (Ն 90% disease reduction) after 4 and 8 cycles.
Methods

Patient population
Eligible patients had to be Ն 18 years of age, have newly diagnosed MM requiring first-line therapy according to the International Myeloma Foundation diagnostic criteria, 19 have measurable disease per International Myeloma Working Group criteria, 20 have an adequate Karnofsky performance status score (Ն 60) or an Eastern Cooperative Oncology Group (ECOG) performance status score of 0-2, and have either a left ventricular ejection fraction (LVEF) of Ն 50% by multigated acquisition scan or an echocardiography with an LVEF Ն the lower limit of normal for the testing facility. Patients were excluded if they had: grade Ն 2 peripheral neuropathy, absolute neutrophil count (ANC) of Ͻ 1000 cells/mm 3 , hemoglobin level of Ͻ 8.0 g/dL, platelet count of Ͼ 50 000 (or unable to maintain platelet count of Ͼ 50 000 with platelet transfusions), creatinine level of Ͼ 2.5 mg/dL, aspartate aminotransferase of Ն 2.5 ϫ the upper limit of normal, total bilirubin level of Ն 1.5 ϫ the upper limit of normal, or serious comorbidities (eg, myocardial infarction Ͻ 6 months before enrollment, clinically relevant and active infection, severe chronic obstructive or chronic restrictive pulmonary disease, or documented hepatic cirrhosis).
This study was conducted in accordance with the Declaration of Helsinki and the International Conference of Harmonization for Good Clinical Practice. The protocol was approved by institutional review boards or by independent ethics committees. All participating patients provided written informed consent.
Study design and treatment
A total of 6 Multiple Myeloma Research Consortium centers (5 in the United States and 1 in Canada) participated in this open-label phase 1/2 study, with enrollment from May 2008 to October 2009. The primary end points were to determine the MTD for RVDD and to evaluate the Ն VGPR rate after 4 and 8 cycles for patients who continued on treatment. Secondary end points were to determine the overall response rate, defined as partial response or better (Ն PR), time to progression, duration of response, progression-free survival (PFS), overall survival (OS), and safety. The flow of patients through this phase 1/2 trial is presented in Figure 1 . Patients were treated with escalating doses of lenalidomide (15, 20 , and 25 mg/d) on days 1-14 of each 21-day cycle for a total of 4-8 cycles; bortezomib 1.3 mg/m 2 on days 1, 4, 8, and 11; PLD at escalating doses (20 and 30 mg/m 2 ) on day 4; and oral dexamethasone 20 mg on days 1, 2, 4, 5, 8, 9, 11, and 12 during cycles 1-4, reduced to 10 mg on the same schedule for cycles 5-8. 6 Patients who achieved Ն PR could stop treatment at any point after 4 cycles and proceed to stem cell (SC) mobilization as per institutional guidelines and autologous SC transplantation (ASCT). After SC collection, patients were allowed to resume protocol treatment at the discretion of the investigator, but the study protocol did not explicitly require the continuation of treatment for patients who achieved Ն PR but Ͻ VGPR; VGPR was a primary efficacy end point. Patients not undergoing ASCT could receive up to 8 cycles of RVDD. Patients with at least stable disease and acceptable toxicity who were not transplantation candidates or who opted not to undergo ASCT after 8 cycles could continue treatment on a maintenance schedule until disease progression, unacceptable toxicity, or consent withdrawal.
Maintenance therapy consisted of lenalidomide at the dose level tolerated at the end of 8 cycles given on days 1-14; bortezomib at the dose level tolerated at the end of cycle 8 given on days 1 and 8; and dexamethasone 10 mg given on days 1, 2, 8, and 9 of each 21-day cycle ( Figure 2 Response rates in the non-ASCT and ASCT groups of patients. For simplicity, CR and nCR rates were combined. In the non-ASCT group, the CR rate was 8.6% and at best response 26%, including 4% sCR, at 4 cycles. In the ASCT group, the CR rate was 22% and after ASCT 37%, including 22% sCR, at 4 cycles. the starting dose]); subsequent treatment discontinuation was initiated if adverse events (AEs) did not resolve after dose reductions. All patients received acyclovir or an equivalent antiviral therapy for herpes zoster prophylaxis, and for deep-vein thrombosis (DVT) prophylaxis they received aspirin (81 or 325 mg daily), low-molecular-weight heparin, or full anticoagulation with warfarin. The protocol did not mandate or recommend antibiotic prophylaxis. Use of an IV bisphosphonate was recommended.
Dose escalation and determination of phase 2 dosing
Four dose levels were planned to determine the MTD (Table 1 ). In phase 1, patients were assigned to dose levels 1-4 according to the time-to-event continual reassessment method (TITE-CRM) algorithm. 21, 22 Prior probabilities of dose-limiting toxicity (DLT) were estimated to be 8%, 15%, 20%, and 25% for dose levels 1-4, respectively. The first patient was assigned to dose level 1. Subsequent dose assignments were made by calculating the posterior probability estimate for toxicity at each dose level. This was based on the prior probabilities for toxicity and the incidence of toxicity in patients already treated, weighted by the time those patients were observed. Weights were calculated as the proportion of the 21-day cycle observed, with full weight given to patients observed for the full 21-day cycle. Dose escalations, but not dose reductions, were restricted to one dose level between patients; intra-patient dose escalation was not permitted. At least 2 patients had to complete a full 21-day cycle of therapy at a dose level before allowing dose escalation. Eligible patients were continuously accrued to the trial as available and were assigned the dose level estimated to be closest to, but not exceeding, the 20% DLT target rate.
DLTs were defined as: grade Ն 3 nonhematologic toxicity attributed to one or more of the study drugs; grade 4 hematologic toxicity (thrombocytopenia with platelet count of Ͻ 25 000 on more than one occasion; grade 4 neutropenia [ANC of Ͻ 500 cells/mm 3 ] resulting in neutropenic fever with elevated temperature [defined as Ն 100.5°F on one occasion]; grade 4 neutropenia without fever with confirmation within 5 days); or inability to receive the day 1 dose for cycle 2 because of continued drug-related toxicity from cycle 1 or drug-related toxicity newly encountered on day 1 of cycle 2. Dose modifications were not allowed during cycle 1 of the phase 1 portion of the study unless a patient experienced a DLT.
Assessments
AEs were graded using the National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0 (NCI-CTCAE v3.0). Patients were evaluable for safety assessment if they received one dose of study treatment. Patients were assessed for treatment response by modified European Group for Blood and Marrow Transplantation 23 and International Myeloma Working Group Uniform Criteria (modified to include nCR, defined as CR but immunofixation positive for M protein 20, 24 ) every cycle after cycle 2 and for full disease response after cycles 4 and 8.
Cytogenetic studies were performed using standard banding by metaphase analysis and FISH (Mayo Clinic Test 83358, plasma cell proliferative disorder; Rochester, MN). Probes included del(13q14), t(4;14), t(14;16), t(11;14), and del(17p). 4
Statistical analysis
The phase 1 portion of the study was designed to accrue 40 patients with the expectation that most patients would be treated at, or near to, the MTD because of the TITE-CRM design. The phase 2 sample size included patients treated at the MTD in phase 1 and additional patients to meet a goal of 38 patients in total. The sample size was required to statistically distinguish the achievement of a 70% Ն VGPR rate to the treatment vs a rate of 45% (which would not have been deemed worthy of further study) using a 2-sided 2 test with 85% power and 5% type I error. The intent-to-treat population comprised all patients who received at least one dose of any of the component drugs of the RVDD regimen and did not exhibit hypersensitivity to PLD. Primary efficacy results were based on the intent-to-treat population. Exploratory analyses included the evaluation of outcome in transplantation (ASCT) vs nontransplantation (non-ASCT) patients and the evaluation of the subgroup of patients with cytogenetic abnormalities.
Results
Patients
A total of 74 patients were enrolled in this phase 1/2 study: 42 in phase 1 and 32 in phase 2 (Table 1) . Seven patients were treated at dose level 4 (the MTD) during phase 1. Two patients (1 each at dose levels 2 and 3) were not evaluable for DLT per protocol and were replaced; 1 patient had a rapidly progressive myeloma and the other had a hypersensitivity reaction to PLD. Baseline demographic and disease characteristics are listed in Table 2 .
Of 72 evaluable patients, 49 represented the ASCT group and 23 the non-ASCT group. Sixteen patients (70% of those not proceeding to ASCT) were not ASCT candidates because of either their age or comorbidities. The remaining non-ASCT patients included 1 patient who was not considered ready to proceed to ASCT by the treating physician and 7 who deferred or declined early ASCT. Non-ASCT candidates had higher-stage disease than either ASCT patients or ASCT candidates deferring transplantation (International Staging System [ISS] stage II/III, 69% vs 51% and 29%, respectively), although this was not statistically significant due to the small sample sizes (P ϭ .22). However, high-risk cytogenetic abnormalities were more frequent in ASCT cases (51%) than either non-ASCT candidates (31%) or ASCT candidates deferring transplantation (29%); the difference again was not statistically significant (P ϭ .32).
Determination of MTD
During the phase 1 study, 5 patients developed DLTs (2 at level 2 and 3 at level 3); consisting of 2 grade 3 asymptomatic neutropenia events on day 1 of cycle 2, 1 grade 3 elevation of transaminases, 1 grade 3 drug fever, and 1 grade 3 hypophosphatemia. There were no DLTs at levels 1 and 4. Based on the definition of MTD and the prior estimates for the probability of DLT at each dose level, the posterior probability estimates for DLTs were calculated as 4.7%, 9.7%, 13.7%, and 17.9% for levels 1-4, respectively. The maximum planned dose level 4 (lenalidomide 25 mg/d, bortezomib 1.3 mg/m 2 , PLD 30 mg/m 2 , and dexamethasone 20/10 mg/d) was selected as the MTD for the phase 2 study because it was the dose that was closest to, but did not exceed, the target rate of 20% of DLTs.
Treatment exposure and safety
The median treatment duration was 4.5 cycles (range, 2-31). Seventy patients (97%) completed Ն 4 cycles and 20 patients (28%) completed Ն 8 cycles; 11 patients (15%) remained on treatment. Forty-nine patients (68%) proceeded to ASCT after a median of 4 cycles (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Non-ASCT patients received a median of 13 cycles (range 2-31). Two patients (3%) discontinued treatment before study completion: 1 from the ASCT group after 3 cycles due to personal choice and 1 from the non-ASCT group who was not a transplantation candidate after 2 cycles because of age and progressive disease. None of the patients discontinued treatment before study completion due to safety concerns alone. Overall, AEs proved manageable. The most common all-grade AEs were fatigue (83.3%), constipation (69.4%), sensory neuropathy (65.3%), and infections (56.9%) ( Table 3 ). Grade Ն 3 AEs included neutropenia (19.4%), infections (13.9%), thrombocytopenia (11.1%), and DVT/pulmonary embolism (2.8%). Importantly, 4 patients (5.6%) experienced grade 3 sensory neuropathy but none had grade 4. Eighteen patients (25%) had grade 1-2 palmar-plantar erythrodysesthesia and 1 patient (1%) experienced a grade 2 asymptomatic and reversible decrease in LVEF from 65% to 45%, which was attributed to PLD and required dose reduction and treatment delay. There was no treatment-related mortality. No significant decline of ANC or platelet count was observed in consecutive cycles.
Response to treatment
Overall, 96% of patients achieved Ն PR, 67% Ն VGPR, and 39% CR/nCR as their best response to RVDD (Table 4) . Per-protocoldefined efficacy assessment of response rates at the end of cycles 4 and 8 are listed in Table 4 . At the MTD, 95% of patients obtained Ն PR, 64% Ն VGPR, and 33% CR/nCR. Among the 33 patients with poor-risk chromosomal abnormalities, 97% had Ն PR, 73% Ն VGPR, and 48% CR/nCR as their best response, including 19% stringent CR (sCR).
Of the 49 patients who underwent ASCT, 46 were evaluable for response 3 months after transplantation. Of these patients, 39% had CR/nCR and 67% had Ն VGPR after induction therapy with RVDD. After ASCT, 61% of these patients achieved CR/nCR and 85% had Ն VGPR (Figure 2) . For the nonevaluable patients, one Values are expressed as n (%) except for age. *Age (mean Ϯ SD) of ASCT patients, 56 Ϯ 10 years, n ϭ 49; and non-ASCT patients, 65 Ϯ 9 years, n ϭ 23 (P ϭ .0009).
†Poor-prognosis abnormalities (patients without any of these abnormalities represent standard risk). 4 ‡High-risk abnormalities (excludes patients with del(13q) by FISH as the sole cytogenetic risk). n values for poor-prognosis and high-risk abnormalities were 67 for all patients and 37 for the phase 2 population. For personal use only. on July 14, 2017. by guest www.bloodjournal.org From had ASCT after documented disease progression before transplantation, one did not have data available at 3 months after transplantation, and one patient died after ASCT before the 3-month assessment.
Harvesting of SCs and engraftment
SC harvest was performed for 58 patients after completion of a median of 4 cycles (range, 3-8) of RVDD, as per institutional standards of care. Thirty-four patients collected stem cells after receiving cyclophosphamide ϩ G-CSF (C ϩ G), 12 after receiving G alone, 6 after receiving G ϩ plerixafor (G ϩ P), 2 after receiving C ϩ G ϩ P, 1 after receiving G ϩ P ϩ sargramostim, and for 3 patients the method was not recorded. Fifty-six (97%) of the 58 patients for whom SC harvest was attempted were successfully harvested for peripheral blood SCs. Two patients required a second attempt: 1 patient who initially failed G and had subsequently collected using G ϩ P and 1 patient who failed G ϩ P and had subsequently collected using etoposide ϩ G. The mean and median total CD34 ϩ cell count was 8.2 ϫ 10 6 and 7.5 ϫ 10 6 cells/kg, respectively, after a median of 4.5 days (range, 3-6). Forty-nine patients completed at least a single ASCT. There were no unexpected AEs during transplantation.
Time-to-event outcomes
After a median 15.2 months (range, 6-25) of follow-up, the median PFS and OS were not reached ( Figure 3A) . The estimated 18-month PFS for all patients was 81.6% (95% confidence interval [CI], 65.5-90.6) and OS was 98.6% (95% CI, 90.5-99.8). At the time of manuscript preparation, 3 patients have died: 2 non-ASCT patients died after disease progression at 19.2 and 22.7 months after treatment initiation and 1 transplantation patient died while in disease remission at 6.6 months after treatment initiation (1.9 months after transplantation). 
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For personal use only. on July 14, 2017. by guest www.bloodjournal.org From After nonrandomized allocation of patients to ASCT or continued treatment, 18-month estimates for PFS were 93.3% (95% CI, 80.5-97.8) in ASCT patients compared with 64.3% (95% CI, 33.3-83.8) for non-ASCT patients, respectively, which was statistically significant (log-rank P ϭ .01; Figure 3B ). OS was similar in this population by ASCT status (log-rank P ϭ .3). Subgroup analysis according to cytogenetic risk (defined in the footnote to Table 2 ) showed statistically comparable PFS and OS in both patient populations (not shown).
Discussion
Results from this phase 1/2 study of the RVDD regimen in patients with newly diagnosed MM show that RVDD is highly active and was generally well tolerated, both as a short-term, pretransplantation induction and as an extended treatment. There was no treatment-related mortality, although incorporation of PLD to RVD resulted in some additional AEs compared with RVD, including palmar-plantar erythrodysesthesia. Among patients who proceeded to ASCT and were evaluable for posttransplantation response, response rates further improved, reaching 85% of patients with Ն VGPR and 61% of those with CR/nCR (including 37% CR and 24% sCR) at 3 months after ASCT. To the best of our knowledge, these rates represent some of the best reported at 3 months after ASCT. In patients who continued RVDD treatment beyond 4 cycles, the depth of response also further improved, reaching 65% Ն VGPR and 35% CR/nCR (including 25% CR and 15% sCR) at the completion of 8 cycles. These rates are also among the best reported with this duration of initial treatment in newly diagnosed MM patients and are comparable to our experience with RVD. 6 The phase 1 portion of the study showed that PLD can be safely added at a maximum planned dose 4 to established doses of the RVD regimen 6 without exceeding the study-defined maximum rate of DLTs. The TITE-CRM design used in the present study allowed for a rapid, continued escalation of dose levels in a multisite setting while preserving safety and accuracy in arriving at a dose level closest to, but not exceeding, the maximum planned rate of DLTs. After analysis of overall toxicity data, some increase in AEs was observed, including the degree of peripheral neuropathy and palmar-plantar erythrodysthesia compared with RVD. Cardiac dysfunction was rare and rates of DVT were similar. Moreover, this additional toxicity did not compromise overall safety and the favorable tolerability profile encountered supports the rationale of selecting a fourth drug partner to RVD with limited or no overlapping toxicity. In contrast, as reported in other recent studies, overlapping toxicities may significantly increase the rate of AEs, such as those seen with VDCR, but may also contribute to less than expected efficacy results of regimens, presumably due to treatment delays and discontinuations. 15, 16, 25 The results presented herein further validate the very high quality of responses seen with the RVD regimen. 6, 15, 16, 26 Furthermore, our results suggest that the addition of a fourth drug, specifically PLD, may improve the depth and duration of response for all patients compared with RVD. Within the limitations of a historical comparison, it is notable that the RVDD regimen produced higher responses after 4 and 8 cycles compared with RVD (Table 5) , 6 suggesting a potentially more rapid cytoreduction; however, ultimately, the rate of best responses was comparable between the 2 trials overall. This may reflect a difference in the disposition of patients, including longer duration on treatment in RVD (10 cycles) compared with RVDD (4.5 cycles) because the depth of response improves with the duration of treatment. 6 In this context, comparisons at equivalent time points may better reflect similarities or differences between these regimens.
Patients in the present study had an estimated 18-month PFS of 81.6% and an OS of 98.6%. This is similar, with some trend toward better PFS, to the results seen with RVD, for which 18-month PFS and OS estimates of 75% and 97%, respectively, were reported. 6 Response rates before ASCT after Ն 4 cycles were better for RVDD (39% of patients CR/nCR and 64% of those with Ն VGPR) versus RVD (21% of patients with CR/nCR and 57% of those with Ն VGPR). The ASCT group of patients in the RVDD study showed a 93.3% estimated 18-month PFS, similar to that seen with RVD. Although a randomized study would clearly be needed to better define the future role of RVDD in the treatment of newly diagnosed MM, preliminary results suggest that the addition of PLD to RVD results in a rapid reduction of disease burden.
Whereas the overall response rate was comparable at 4 cycles in the ASCT and non-ASCT groups, the non-ASCT group required a longer duration of treatment for a similar depth of response. In addition, in our analysis, a significant PFS benefit was seen in ASCT patients compared with non-ASCT patients (P ϭ .01; Figure 3B ). This finding was surprising and inconsistent with the observation seen in the RVD study, in which PFS was not statistically different between the ASCT and the non-ASCT groups. This may be related to differences in patient disposition between studies, because neither study randomly assigned ASCT-candidate patients to transplantation; therefore, the potential for selection bias is important. Indeed, patients not undergoing ASCT in our study were significantly older (65 vs 56 years) and had more comorbidities preventing them from undergoing transplantation. There was a higher proportion of patients with ISS stage II/III, but there was a comparable proportion of patients with high-risk cytogenetic abnormalities. In addition, this was a smaller subset of enrolled patients overall, with a smaller proportion of candidates deferring ASCT in the RVDD study compared with that seen in the RVD study. These reservations notwithstanding and recognizing the limitations of across-trial comparisons, this could still potentially be an important observation. A trend toward significantly shorter PFS for non-ASCT patients has been reported in high ISS *Includes all patients (phase 1/2). Best-response rates for RVD after a median of 10 cycles: Ͼ PR, 100%; Ͼ VGPR, 67%; and CR/nCR, 39%. Best-response rates for RVDD after a median of 4.5 cycles: Ͼ PR, 96%; Ͼ VGPR, 67%; and CR/nCR, 39%.
patients, as defined by the International Staging System within the RVD study and other studies. 6, 27 The hypothesis that ASCT may improve the duration of response and PFS is currently being investigated in a prospective, randomized phase 3 study (IFM/DFCI2009; ClinicalTrials.gov identifier NCT01191060) comparing RVD induction followed by ASCT and consolidation plus continued lenalidomide as maintenance for up to 2 years in patients aged Յ 65 years. While we are awaiting results from this study, the findings from our study appear to imply that addition of PLD may not substitute for a high-dose alkylator, although the regimen was generally well tolerated by older patients. If delayed ASCT or no ASCT is considered, a novel regimen without cytotoxic or alkylating agents may be more appropriate at this time. Conversely, RVDD may be better suited for treating younger ASCT candidates without significant comorbidities and without cardiac risk factors who wish to proceed to ASCT. In this regard, achieving a deeper response after a shorter duration of treatment may ultimately be beneficial, especially because the achievement of Ն VGPR at the completion of induction treatment before ASCT is typically associated with improved PFS 4 and OS. 28 The hypothesis that the addition of a fourth drug to an active 3-drug regimen can improve efficacy has been investigated previously as the next logical step following up on several studies showing improved efficacy of 3-drug compared with 2-drug combinations in patients with newly diagnosed MM in the pre-ASCT setting. 5, 29, 30 In the phase 1 portion of the EVOLUTION study, patients receiving VDCR showed promising responses, with response rates of 20% CR, 40% CR/nCR, and 68% Ն VGPR. 15 However, recently reported results from the phase 2 portion of this study, which enrolled both ASCT and non-ASCT candidates, showed no significant differences between the best-response rates, PFS, or OS of 3-and 4-drug combinations. 16 Multiple factors may have contributed to this result. First, the treatment period in this study was 9 months and may have been too brief to detect a possible difference between the combinations. Second, the duration of treatment of each of the 3 arms and the timing of disposition to ASCT were not mandated in the EVOLUTION study, limiting the end point of comparison of these regimens to best-response rates. Finally, VDCR was associated with higher hematologic toxicities and worse nonhematologic side effects, including treatment-related mortality compared with the 3-drug regimens of RVD and VCD. 15, 16 In another approach, the GIMEMA investigators found that the 4-drug combination of bortezomib, melphalan, prednisone, and thalidomide followed by maintenance with bortezomib and thalidomide (VMPT-VT) significantly improved Ն VGPR rates (59% vs 50%, respectively; P ϭ .03) and CR rate (38% vs 24%; P Ͻ .001) when compared with the 3-drug combination of bortezomib, melphalan, and prednisone (VMP) without maintenance in the non-ASCT setting for older patients. 31 In more recent results, differences in overall response rates and CR for VMPT-VT vs VMP were statistically significant (P ϭ .01 and P Ͻ .001, respectively). 25 This study also reported a 3-year PFS benefit (median follow-up 23.2 months; VMPT-VT 56% vs VMP 41%; P ϭ .008). This difference reflected both the superior depth of response to initial cytoreduction and the significant maintenance effect with bortezomib and thalidomide, which was limited to the VMPT-VT arm. In the context of these 2 studies, our results appear to be more consistent with the results from the GIMEMA study, perhaps in part because our study also allowed prolonged maintenance. Nevertheless, these results support the hypothesis that novel 4-drug constructs may have the potential for higher efficacy than 3-drug novel regimens in selected patients.
Subsequent to laboratory studies demonstrating synergy, several investigators have recently started to explore the role of adding new, promising investigational agents to active 2-or 3-drug regimens. 32 This is being explored as a possible alternative to adding a cytotoxic drug or an established novel agent to prior active regimens. Currently, various new dexamethasone ϩ lenalidomideor dexamethasone ϩ bortezomib-based 3-or 4-drug combinations with new agents such as carfilzomib, 33, 34 panobinostat, 35 vorinostat, 27, 36 and elotuzumab 37 are being investigated in patients with relapsed/refractory MM and newly diagnosed MM, with promising results to date. These novel combinations have the potential to be evaluated in newly diagnosed MM patients. 38 In conclusion, results from this phase 1/2 study show that the addition of PLD to the RVD combination appears to significantly augment the depth and duration of response in patients with newly diagnosed MM. These data provide the rationale for considering further studies with this 4-drug regimen, including randomized trials in this setting. 
